WATER-QUALITY, WATER-LEVEL, AND
LAKE-BOTTOM-SEDIMENT DATA COLLECTED
FROM THE DEFENSE FUEL SUPPLY POINT AND
ADJACENT PROPERTIES, HANAHAN, SOUTH
CAROLINA, 1990-96

By Matthew D. Petkewich, Don A. Vroblesky, J. Frederick Robertson,
and Paul M. Bradley

U.S. GEOLOGICAL SURVEY

Open-File Report 96-488

Prepared in cooperation with the

U.S. DEPARTMENT OF DEFENSE,
DEFENSE LOGISTICS AGENCY

Columbia, South Carolina
1997




U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Gordon P. Eaton, Director

For additional information write to: fCopies of this report can be purchased
rom:

District Chief U.S. Geological Survey

U.S. Geological Survey Branch of Information Services

Stephenson Center-Suite 129 Box 25286

720 Gracern Road Denver, CO 80225-0286

Columbia, SC 29210-7651



CONTENTS

Page
ADSITACE .ecveeeieeeieeeteeeieete e ebe e e etae e s e tseebe e bt sbesaas bassteess e b esss e st e beesssese e st e e saanseesseesasee st eeneennne 1
INEPOAUCHION ..ottt st et b s e bbbt e bs e ba s e be s s s e eba e esaeourns 1
PUIPOSE AN SCOPE.....cuvirrevieriereenieeeetetesttrte ettt st e bbb sressresbs s sesbasosesneesnenason 2
Description Of StUAY ATea .........ccceveeieieriiriinienreieneetecr ettt s sbe s sss s anees 2
MEhOAS OF STAY.....cvveueeeriieeiiiieeeteeeie ettt ettt bt b et et besbe st et asbensessensesbensestesennessenee 2
Collection of sediment samples for lithologic description ...........cccoceevevveneeceereserececnnenne. 3
Monitoring-well installation and development...........cc.cccovevveivneirnncnniniciincnns 3
Water-quality sample collection and analysis.........coccouevereuceerenicinereneneecneeeeseeeienens 5
Water-level MEASUTEIMENLS .......ccceeieiiieriniieieteeert ettt sae et et esae s enesaesnne s 8
Lake-bottom-sediment collection and analysis...........cccceveevevieciiiininncninniniccincninnnnne, 8
Water-QUAlILY At .......coovieeeiiieieieeccsetee ettt b s bt ste st s b et e b e s e et e sbeenaesraenenne 9
WALET-18VEL dALta .....ooveiiiietiiee ettt sttt b e 11
Lake-bottom-sediment data .........cccceveeiiererieiiieienieeeeee sttt ettt sae v sunesnesnnen 11
SUIMIMATY ...ttt sttt st st esbe e s e et e ubesaaesbasbessbeesse s e easesssasassesnsasaeesatassssesseeessasnsenases 13
REFEIEIICES.....coeeveieiieeie ettt ettt s e st et et e s st et se e st esne b e seesnesbes 14
Appendix--Lithologic descriptions of sediment recovered from boreholes at the
Defense Fuel Supply Point property, Hanahan, S.C. ..........ccccocvevimniiniininnineeceeeeeee s 278
ILLUSTRATIONS
Plate 1. Map showing locations of observation wells, boreholes, surface-water
sampling sites, and lake-bottom-sediment sampling sites at the Defense
Fuel Supply Point and adjacent properties, Hanahan, South Carolina
[In pocket]
Figure 1. Graphs showing specific conductance in wells MWGS-33A and MWGS-33B
and wells MWGS-34A and MWGS-34B at the Defense Fuel Supply Point,
Hanahan, S.C., February 5, 1992 to December 5, 1995 ........cocevvvveeveirnienenene 10
2. Hydrograph of wells W-103, W-107, and W-108 at the Defense Fuel
Supply Point, Hanahan, S.C., February 27, 1991 to December 5, 1995.............. 12




Table

TABLES
Page

. Construction data for monitoring wells installed by the U.S.

Geological Survey at the Defense Fuel Supply Point,
Hanahan, S.C. ...ttt e s e e e s srae e e s s vae e s s et e s s e e ssbaeassensaneenanes 1€

. Construction data for privately owned wells and monitoring wells

installed during previous investigations in the vicinity of the Defense
Fuel Supply Point, Hanahan, S.C. .........cccoioviiininieeetcceneeeecee st 2z

. Analytical detection limits for volatile-organic, extractable-organic,

and metal analyses determined for lake-bottom-sediment samples
collected from Gold Cup Springs Lake, Hanahan, S.C.,
FEDIUATY 8, 1994 ...ttt sn et se e mee e 2f

. Water-quality constituents and properties measured in the field at

the Defense Fuel Supply Point and adjacent properties,
Hanahan, S.C., between December 1990 and January 1996 .............ccoceeveennnen. 31

. Organic water-chemistry data collected at the Defense Fuel Supply

Point and adjacent properties, Hanahan, S.C., between December
1990 and January 1996 .........cccireeieieicteieie et 8¢

. Inorganic water-chemistry data collected at the Defense Fuel Supply

Point and adjacent properties, Hanahan, S.C., between December
1990 and January 1996 ..........cccveveeiiiririentiinieteseeeeeae s coresna e tesreseaseessasseneens 15¢

. Tentative identification and estimated concentrations of volatile- and

extractable-organic compounds using comparison of mass spectral
data collected at the Defense Fuel Supply Point and adjacent
properties, Hanahan, S.C. .........c.ccccoeiiiiiniiieceeerrt ettt 202

. Water-level data collected at the Defense Fuel Supply Point and

adjacent properties, Hanahan, S.C., between April 1991 and
SEPLEMDBET 1995 ...ttt e eb et b e s n e ae e e as 20¢

. Analytical results for volatile organics, extractable organics, and

metals detected in lake-bottom-sediment samples collected from
Gold Cup Springs Lake, Hanahan, S.C., February 8, 1994 ..........cccoccuveeenenene. 277



CONVERSION FACTORS, ABBREVIATIONS, VERTICAL DATUM, AND ACRONYM®™

Multiply By To obtain
Length
inch (in.) 2.54 centimeter
foot (ft) 0.3048 meter
Volume
gallon (gal) 3.785 liter
Flow
gallon per minute (gal/min) 3.785 liter per minute

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 -- a
geodetic datum derived from a general adjustment of the first-order level nets of the United States
and Canada, formerly called Sea Level Datum of 1929.

Temperature: In this report, temperature is expressed in degrees Celsius (°C), which can be cor -
verted to degrees Fahrenheit (°F) by the following equation:

°F = 1.8 x (°C) + 32

Chemical concentration: In this report, chemical concentration is expressed in micrograms per
kilogram (ug/kg), micrograms per liter (ug/L), micromolar (uM), milligrams per kilogram
(mg/kg), milligrams per liter (mg/L), or nanomolar (nM) where molar (M) is equivalent to moles
per liter.

Specific electrical conductance is given in microsiemens per centimeter at 25 degrees Celsius
(uS/cm at 25 °C).



CONVERSION FACTORS, ABBREVIATIONS, VERTICAL DATUM, AND
ACRONYMS--Continued

ADDITIONAL ABBREVIATIONS

L, liter

pm, micrometer
mL, milliliter
>, greater than
<, less than

ACRONYMS

BTEX, benzene, toluene, ethylbenzene, and xylenes
DFSP, Defense Fuel Supply Point

DLA, Defense Logistics Agency

DIC, dissolved inorganic carbon

ID, inside diameter

OD, outside diameter

PVC, polyvinyl chloride

SS, stainless steel

TOC, total organic carbon

TPH, total petroleum hydrocarbons

USEPA, U. S. Environmental Protection Agency
USGS, U. S. Geological Survey

The use of trade, product, industry, or firm names in this report is for identification or location
purposes only, and does not constitute endorsement of products by the U. S. Government, nor
impute responsibility for any present or potential effects on the natural resources.
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WATER-QUALITY, WATER-LEVEL, AND LAKE-BOTTOM-SEDIMENT DATA
COLLECTED FROM THE DEFENSE FUEL SUPPLY POINT AND ADJACENT
PROPERTIES, HANAHAN, SOUTH CAROLINA, 1990-96

By Matthew D. Petkewich, Don A. Vroblesky, J. Frederick Robertson,
and Paul M. Bradley

ABSTRACT

A 9-year scientific investigation to determine the potential for bioremediation of
ground-water contamination and to monitor the effectiveness of an engineered
bioremediation system located at the Defense Fuel Supply Point and adjacent
properties in Hanahan, S.C., has culminated in the collection of abundant water-
quality and water-level data. This report presents the analytical results of the study
that monitored the changes in surface- and ground-water quality and water-table
elevations in the study area from December 1990 to January 1996. This report also
presents analytical results of lake-bottom sediments collected in the study area.

INTRODUCTION

In 1975, a tank located at a Defense Fuel Supply Point (DFSP), referred to hereinafter as the
facility, near Hanahan, S.C., leaked a reported 83,000 gals of JP-4 jet fuel (pl. 1). The leak
contaminated water and sediment in the shallow surficial aquifer beneath the facility with
petroleum hydrocarbons, in particular, benzene, toluene, ethylbenzene, and xylenes (collectively
termed BTEX) (U.S. Army Environmental Hygiene Agency, 1975).

Investigations by the U.S. Geological Survey (USGS) began at the facility in 1987 ir
cooperation with the U.S. Defense Logistics Agency (DLA), through the U.S. Navy, Southern
Division Naval Facilities Engineering Command. The USGS was asked to determine the
potential for in situ bioremediation of the ground-water contamination at the study site. The
study, which was completed in collaboration with DLA and its contractors, included the design,
construction, and operation of an engineered bioremediation system that utilized both
microbiological and hydraulic contaminant-depletion technologies. Although the study area
included the facility and surrounding areas, the investigation concentrated on the northern part of
the facility and the ground-water-contamination plumes extending northward into Gold Cup
Springs subdivision (pl. 1). This investigation culminated in the collection of abundant water-
quality and water-level data.



Purpose an ope

This report presents data collected between December 1990 and January 1996 that
documented the changes in surface- and ground-water quality and water-table elevations in the
study area. This report also presents analytical results of contaminants present in lake-bottom
sediments collected from Gold Cup Springs Lake. The scope of work included drilling to obtain
lithologic descriptions of surficial aquifer sediments and to install monitoring wells in this
aquifer; collection of surface- and ground-water samples to delineate contaminated areas and to
monitor temporal changes in the distribution of the contaminant plumes; measurement of water
levels in wells and streams to determine the direction of ground-water flow; and collection of
lake-bottom sediments to determine if fuel-related contaminants were present.

Description of dy Ar

The facility is surrounded by private properties on the northern, western, and southern
borders and the Charleston Naval Weapons Station to the east (pl. 1). The study area is underlain
by unconsolidated Pleistocene sediments composed of quartz sand and silt with discontinucms
layers of clay, clayey sand, and sandy clay. The base of the Pleistocene sediments in the area
ranges from depths of 11- to 33-ft below land surface. Layers of dense calcarenite and calcilutite
are approximately 270-ft thick beneath the Pleistocene sediments at the facility, which vertically
isolates the surficial aquifer from deeper water-bearing units.

The Pleistocene sediments function as an unconfined water-bearing zone and are referred to
as the surficial aquifer. However, clay lenses within these sediments produce locally confired
flow conditions. Recharge to the surficial aquifer is primarily from rainfall infiltration. Ground-
water discharge at the site is by flow to nearby drains and streams, and by evapotranspiration. The
predominant direction of ground-water flow beneath the facility is to the northwest (Vroblesky
and Chapelle, 1994; Vroblesky and others, in press).

The engineered bioremediation system at the facility consisted of infiltration galleries and
an extraction system. Three infiltration galleries were located north of the fuel storage tanks on
the facility (pl. 1) and were designed to inject uncontaminated water and nutrients into the
contaminated aquifer to enhance bioremediation. The extraction system consisted of 17 wells
that were located along the western, northern, and northeastern perimeter of the facility and cne
located in Gold Cup Springs subdivision (pl. 1), and was designed to remove contaminated water
from the surficial aquifer.

METHODS OF STUDY

Standard methods typically were used in this investigation to obtain water-quality, water-
level, and lake-bottom-sediment-quality data. Specific methods used during monitoring-well
installation and development, water-level measurements, and collection and analysis of water-
quality and lake-bottom-sediment-quality data are discussed in the following sections.



Collection of Sediment Samples for Lithologic Description

Sediment borings were made at the facility to collect subsurface-sediment samples for
lithologic description and for the installation of monitoring wells (pl. 1). Sediment samples for
lithologic description were collected from 19 boreholes between July 1990 and June 1994. Most
of the holes were bored using hollow-stem augers [5.5-, 8.5-, and 10.25-in. outside diameters
(OD)], and sediment samples were collected with a split-spoon sampler [1.375-in. inside diameter
(ID)] using standard methods (American Society for Testing and Materials, 1994). Sediment
samples from borehole DV-4 were collected with a coring hand auger.

Lithologic descriptions of sediments collected from the 19 boreholes are presented in the
appendix. Continuous subsurface-sediment sample collection began at depths varying from 0- to
10-ft below land surface. Estimates of grain size, color, and composition were based on visual
examination of the sediments. Grain-size classifications were based on the Wentworth Scale
(1922).

Monitoring-Well Installation and Development

Eighty-five monitoring wells and piezometers were installed at or near the facility by the
USGS or under the direction of the USGS (pl. 1). All wells were installed in the surficial aquifer
from June 1990 to June 1994. Generally, these wells were installed at locations and depths
intended to provide necessary geochemical and water-level data where previously unobtained,
thereby, complementing existing monitoring wells installed during previous investigations.
Construction data for wells installed by the USGS are listed in table 1 (at end of report).
Water-level and geochemical data also were collected from 34 monitoring wells installed during
previous investigations in the vicinity of the facility, as well as 4 privately owned domestic wells
located in Gold Cup Springs subdivision. Available well-construction data for these wells are
presented in table 2 (at end of report).

Monitoring wells installed by the USGS were identified by the prefix MWGS followed by
the numbers 5 and 20 through 63. Well pairs and clusters were further identified alphabetically to
indicate relative depths, with the letter A representing the shallowest well of the pair or cluster; B
identifying the deepest well of a pair, or the second most shallow of a cluster; C identifying the
third most shallow well of a cluster, and so forth. For example, MWGS-27A is the shallowest
well of the MWGS-27 cluster, and MWGS-27C is the deepest, with MWGS-27B at an
intermediate depth. Well MWGS-05A, however, was installed adjacent to a previously existing
well, MW-5, and is the deepest of the pair. Piezometers installed by the USGS were identified by
the prefix WT followed by sequential numbers 1 through 11.

Specific wells and groups of wells were installed for various reasons, and not necessarily
limited to filling in spatial data gaps. Wells MWGS-42 through MWGS-63 were installed in the
Tank 1 basin for use as test galleries for experimental purposes. The WT-series wells were
installed primarily for gathering water-level data. Well pairs and clusters were installed to assess
the vertical distribution of contaminants.



All MWGS-series wells were installed using hollow-stem augers. All WT-series
piezometers were installed using a coring hand auger. Wells and piezometers were installed by
USGS personnel or under the direction of the USGS, except for well clusters MWGS-23,
MWGS-24, MWGS-25, MWGS-26, MWGS-27, and MWGS-28, which were installed by a U.S.
Environmental Protection Agency (USEPA) drill crew in cooperation with the USGS. Well
clusters MWGS-23, MWGS-24, MWGS-25, and MWGS-26 were constructed with 0.25-in. OD
stainless-steel (SS) tubing, with each cluster installed in a single, respective borehole. Screered
intervals for these wells were constructed of 0.2-ft lengths of 60 mesh SS screen. Well clusters
MWGS-27 and MWGS-28 were constructed with 1-in. ID polyvinyl chloride (PVC)
flush-threaded pipe with slotted-screen sections cut to desired lengths in the field. Wells
MWGS-35 through MWGS-39 were constructed with 4-in. ID flush-threaded PVC monitor pipe
and slotted screen (0.010-in. slots). All other MWGS- and WT-series wells were constructed with
2-in. ID flush-threaded PVC monitor pipe and slotted screen (0.010-in. slots). In most cases, the
screened section of shallower wells was placed to bracket the water table, unless the depth to the
water table was too shallow to allow such placement. The annular space around the screened
sections of all wells was filled with clean filter sand to various heights, but typically about 2-ft
above the top of the screens. A bentonite seal was placed above the filter sand, and the remaining
annular space was grouted with cement to about 1-ft below land surface. Wells were finished at
land surface with a concrete pad and protective cover. Because of their intended use as temporary
wells, wells MWGS-42 through MWGS-63 were sealed to land surface with bentonite and were
not finished with protective covers.

Monitoring wells were developed either by bailing with dedicated Teflon bailers or pumping
until the withdrawn water was clear and assumed to be representative of formation water. The
amount of water required to be withdrawn varied from well to well. All withdrawn development
water was contained in wastewater holding tanks located on the facility.

Extraction wells EW-01 through EW-17 (pl. 1) were constructed with 30-ft lengths of 6-in.
ID PVC slotted-screen sections (slot size 0.010 in.), placed to bracket the entire saturated
thickness of the surficial aquifer. Because of the shallower depth to the bottom of the surficial
aquifer, extraction well EW-18 was installed with a 25-ft screened section. The annular spere
from the bottom of the borehole to not less than 1-ft above the top of the screened interval was
filled with filter sand. A 1-ft thick bentonite seal was placed above the sand pack, and the
remaining annular space above the bentonite seal was grouted to land surface. Each wellhead was
surrounded by a floored concrete vault, the bottom of which was approximately 2-ft below land
surface.

A 0.5-horsepower submersible pump, capable of providing flow rates of about 10 gal/min,
was installed in each extraction well. The pumps were outfitted with automatic level cont-ol
switches to deactivate and reactivate pump operation (cycling), thereby preventing the pump from
operating while not completely submerged in water. All extraction wells were connected to a
common discharge pipe, through which all extracted ground water was directed to a splitter pit on
the eastern side of the facility. By use of control valves in the splitter pit, all of the extracted water
could be directed offsite for treatment.



Water-Quali mple Collection and Analysis

Ninety-one wells and 13 surface-water sites located on and adjacent to the facility were
sampled intermittently during this investigation from December 1990 to January 1996. Between
49 and 79 wells were sampled on a quarterly basis from January 1992 to July 1995. The actual
number of surface-water sites sampled each quarter varied somewhat, but typically, all 13 sites
were sampled. Extraction wells were sampled on a monthly basis between March 1992 and
September 1995, depending on their operational status. The infiltration gallery port, 1G-2, was
sampled on a monthly basis between September 1993 and September 1995.

All monitoring wells were purged of casing water prior to collecting ground-water samples.
At least three casing volumes of water were removed from each well with either a Teflon bailer, a
peristaltic pump with silicon tubing, or a 1.8-in. OD SS submersible pump with a rubber hose,
except for wells that were bailed dry prior to removing three casing volumes. Because the
extraction wells were continuously pumped, these wells could be sampled without any additional
purging. Each well was sampled immediately following bailing. All purge water was contained
in wastewater holding tanks located on the facility.

Designated Teflon bailers eliminated the need for extensive cleaning between wells.
Although designated bailers were used to collect ground-water samples from most monitoring
wells, a common bailer used at a few wells was decontaminated prior to sampling each well using
a detergent solution and rinsing with deionized water. Before sampling with the peristaltic pump,
the silicon tubing used in conjunction with the pump was decontaminated by pumping
approximately 1 L of deionized water through the system prior to sampling each well. The
outside of the silicon tubing was rinsed with deionized water. The submersible pump and hose
were decontaminated by pumping at least 25 gal of a detergent solution through the system and
then rinsing with approximately 25 gal of water. The outside of the hose and pump were scrubbed
with the detergent solution and then rinsed with water. Additionally, the filter stands and
membrane filters used to collect filtered samples were rinsed thoroughly with deionized water,
followed by ground water from the well to be sampled, prior to collecting samples at each well.

Dissolved oxygen, ferrous iron, and total-sulfide concentrations were measured in the field.
After well purging, the dissolved oxygen concentration in water from each well was determined
by Winkler titration (Hach Company, 1992). Ferrous iron was analyzed using the Hach
colorimeter/FerroZine method (Stookey, 1970). Total-sulfide concentration, as hydrogen sulfide
(H,S) or acid-soluble metallic sulfides, was determined in the field using a colorimetric method
(Hach Company, 1992). Particulate matter in the samples was allowed to settle and then the clear
supernatant analyzed. The results represent the approximate concentrations of dissolved H,S.

After collecting the dissolved oxygen sample, specific conductance, pH, and water
temperature were measured using techniques described by Wood (1976). Specific conductance
was measured with a Yellow Springs Instrument model 33 SCT meter. The pH was measured
using a digital pH meter equipped with a combination temperature-compensated pH electrode.
Water temperature was measured to the nearest 0.1 °C with the temperature probe of the pH meter
or to the nearest 0.5 °C with a mercury-filled glass thermometer. Specific conductance in the
surficial aquifer also was measured by continuous specific conductance recorders (recorded at 15-
minute intervals) in four 2-in. ID wells (MWGS-33A, MWGS-33B, MWGS-34A, and MWGS-
34B) located on the facility (pl. 1).



Alkalinity titrations were completed in the field on 100-mL filtered samples during the
December 1990, June 1991, July 1991, and October 1991 sampling events. Each sample was
stirred slowly, using a battery-powered magnetic stirrer while a Hach Digital Titrator was use to
add 0.16-normal sulfuric acid solution to the sample until a pH endpoint of 4.5 was reach-d.
Alkalinity was calculated as the endpoint of the cumulative volume of added acid as a function of
pH.

Water samples for analysis of BTEX, total petroleum hydrocarbons (TPH), total organic
carbon (TOC), and naphthalene were collected by slowly filling sample-rinsed glass bottles from
a bottom-discharge bailer. The bottles were allowed to overflow several seconds, and then
samples were either preserved with 3 drops of hydrochloric acid (BTEX samples), preserved vrith
sulfuric acid (TPH and TOC samples), or not preserved (naphthalene samples). All sample
bottles were capped with Teflon-lined bottle caps. If aeration of a BTEX sample was suspected,
or if bubbles were observed in a bottle, the sample was discarded, and a new sample was
collected. Ground-water samples for analysis of BTEX and naphthalene were collected in 40-mL
glass bottles; TPH and TOC samples were collected in 1-L and 200-mL amber glass bottles,
respectively. The water samples for analysis of BTEX, TPH, TOC, and naphthalene were
delivered to a commercial laboratory on the day of collection for analysis by USEPA methods
8020, 418.1, 415.1, and 8020, respectively (U.S. Environmental Protection Agency, 1983; U.S.
Environmental Protection Agency, Office of Solid Waste, 1986). The water samples collectec' on
February 28, 1995, for analysis of BTEX were analyzed by USEPA method 8240 (U.S.
Environmental Protection Agency, Office of Solid Waste, 1986).

Water samples for analysis of inorganic ions were collected using either a syringe or a
peristaltic pump and filtered through a 0.45-pm porous-membrane filter into sample-rinsed
polyethylene bottles. The inorganic ion samples were packed in ice immediately following
collection. ~Ammonium, calcium, magnesium, potassium, and sodium constituents were
quantified in the laboratory by ion-exchange chromatography using chemical suppression and
conductivity detection. Chloride, bromide, nitrate, nitrite, phosphate, and sulfate concentrations
were determined in the laboratory by ion-exchange chromatography using chemical suppression
and conductivity detection as specified in USEPA method 300.0 (U.S. Environmental Protection
Agency, 1983).

Water samples for analysis of organic acids were collected in sample-rinsed 40-mL amrber
glass bottles similar to the sample-collection method for BTEX. The organic acid samples were
not chemically preserved, but were capped with Teflon-lined septa, and placed on ice. Samples
were analyzed for acetate, formate, propionate, and isobutyrate by ion-exclusion chromatograohy
using chemical suppression and conductivity detection (Bradley and others, 1993).

Water samples for analysis of lead and arsenic were collected in sample-rinsed 500-mL
polyethylene bottles after passing through a 0.45-um porous-membrane filter. Samples were
packed on ice and delivered to a commercial laboratory on the day of collection for analysis by
USEPA methods 7060 and 7421 (U.S. Environmental Protection Agency, Office of Solid Waste,
1986).

Methane and dissolved inorganic carbon (DIC) samples were collected using a syringe to
inject 5 mL of sample water through a 0.45-pum porous-membrane filter into sealed septated vials.
The syringe and vials were rinsed with filtered sample water prior to sampling. The samples were



packed in ice to minimize concentration changes due to microbial activity. Concentrations of
methane in the head space were quantified by thermal-conductivity detection gas chromatography
and converted to concentrations in water using Henry's Law coefficients (Stumm and Morgan,
1981). The DIC samples were acidified in the laboratory with a 42.5 percent phosphoric acid
solution. Headspace carbon dioxide concentrations were quantified by thermal-conductivity
detection gas chromatography. Dissolved inorganic carbon concentrations were then calculated
using Henry's Law coefficients (Stumm and Morgan, 1981)

Laboratory alkalinity values were determined by end-point titration for seven samples
collected on July 8, 1991. For water from all wells where a pH value and DIC concentration was
determined (including the seven samples for which laboratory titrations were completed),
alkalinity values were calculated using the formula (Stumm and Morgan, 1981):

[Alkalinity] = C(a; +2a,) + [OH] - [H], 6}
where

C is the concentration of DIC,

[H'] is the activity of hydrogen ion,
[OH] 1s the activity of hydroxyl ion, and
K, and K, are equilibrium constants (Garrels and Christ, 1965).

For quality control and assurance, replicate samples for all analyses were collected and
analyzed on at least 10 percent of the total number of individual analyses for each sample event.
Replicate samples not showing analytical agreement were reanalyzed when possible. The vast
majority of the wells were sampled using equipment dedicated to each respective well. In such
cases, there was little or no potential for cross contamination. Thus, equipment blanks generally
were not collected. Selected equipment blanks were collected in the few instances where
sampling equipment was used for multiple wells.



Ground-water samples were collected for analysis of hydrogen gas using the bubble-strip
method of Chapelle and McMahon (1991). A stream of water was pumped from the well through
a gas-sampling bulb at an approximate rate of 600 mL per minute. An injected bubble of nitrogen
in the bulb asymptotically collected hydrogen and other soluble gases until equilibrium was
achieved. Once equilibrium was achieved (less than S-percent change in 5 minutes, which
typically occurred within 15 minutes of initiating the flow of water through the bulb), gas was
extracted from the bulb using a gas-tight syringe. Hydrogen was measured on a gas
chromatograph equipped with a reduction gas detector. The detection limit of this method for
samples collected at this site varied between 0.1 and 0.5 nM. Hydrogen samples typically were
not collected if the ground water at the well was aerobic. All hydrogen samples were collected in
duplicate. Each duplicate was separately analyzed; however, hydrogen values were reportec' as
average values. Differences between duplicate samples were typically less than 10 percent.

Water samples, including two replicates, were collected in July 1991, July 1992, and May
1993 from 17 wells located on and adjacent to the facility for the analysis of volatile-organic and
extractable-organic compounds. This analysis provided a list of tentatively identified compouids
in the water samples, an estimated concentration of each tentatively identified compound, and in
some cases, a number that represents the probability that the compound was correctly identified.
Volatile-organic samples were collected in 40-mL glass vials and preserved with hydrochloric
acid. Extractable samples were collected in 1-L amber glass bottles and not chemically
preserved. The volatile and extractable samples were placed on ice and delivered to a commer~ial
laboratory on the day of collection for analysis by USEPA methods 8240 and 8270, respectively
(U.S. Environmental Protection Agency, Office of Solid Waste, 1986).

Water-Level Measurements

Water levels were measured in 97 surficial aquifer wells and at 4 surface-water sites located
on the facility and adjacent properties. The data were used to characterize the shape and slope of
the water-table surface in the study area and to record how this surface changed over time. Water
levels were measured on a monthly basis in selected wells. The total number of water-level
measurements each month varied during the study; however, all monthly measurements were
made within an 8-hour period.

Water levels in the surficial aquifer also were measured by continuous water-level recorcars
(recorded at 15-minute intervals) in three 6-in. ID wells (W-103, W-107, and W-108) located on
the facility (pl. 1). Elevations, relative to sea level, were determined for established measuring
points at each well and surface-water site by differential leveling to provide a common datum.
Depths to water from the measuring point were made using a weighted steel tape. At least two
measurements were made in each well to ensure accuracy. Water-level measurements at surfece-
water sites were obtained using a stadia rod to determine the vertical distance from the water
surface to the permanent measuring points. All measurements were corrected to sea level.

Lake-B m-Sedimen llection Analysi

Four lake-bottom sediment samples were collected from three locations in Gold Cup
Springs Lake on February 8, 1994 (pl. 1). Two samples, identified as Outfall-1 and Input-2, were
collected immediately downstream of stream outfalls. A replicate sample (Outfall-1R) was
collected from a separate hole, located about 1.5-ft downstream from Outfall-1, because the



sample volume obtained at Outfall-1 was insufficient for splitting. Another sample, identified as
Lake Center, was collected from approximately the middle of the lake and downstream from both
outfalls. Samples were collected using a coring device that consisted of a 2-in. ID PVC coring
tube with an internal water-tight plunger (smaller diameter inner rod with rubber O-ring at
bottom). The bottom of the coring device was advanced through the lake-water column with the
rubber seal of the internal plunger situated at the lip of the coring tube. The coring device was
pushed through the accumulated mud at the bottom of the lake until a solid bottom was
encountered. As the coring tube was hammered into the bottom sediments, the internal plunger
remained in place at the top of the solid sediments. The coring tube was advanced approximately
1 ft into the bottom sediments. The device allowed sample collection with minimal influence
from surface water. Care was taken to minimize lateral movement, which would result in the
introduction of surface water into the cored hole.

Samples were extruded by the plunger and immediately placed into clean glass containers
with Teflon-lined caps. Sediments were packed tightly into the containers to minimize trapped air
space. The coring device was scrubbed with detergent and deionized water prior to collecting
each sample. The samples were packed in ice and immediately transported to a commercial
laboratory for analysis. Lake-bottom sediments were analyzed for various volatile-organic
compounds using USEPA methods 8010 and 8020, extractable-organic compounds using USEPA
method 8270, and metals using USEPA methods 6010 and 7471 (U.S. Environmental Protection
Agency, Office of Solid Waste, 1986). The constituents analyzed and their detection limits are
listed in table 3 (at end of report).

WATER-QUALITY DATA

Water-quality data collected at the facility between December 1990 and January 1996 were
separated into three groups: water-quality constituents and properties, organic water-chemistry
data, and inorganic water-chemistry data (tables 4-6, at end of report). Water-quality constituent
and property measurements in the field included the determination of dissolved oxygen,
hydrogen, hydrogen sulfide, iron, and titrated alkalinity concentrations, pH, specific conductance,
and water temperature. The organic data included concentrations of volatile-organic compounds
(BTEX), extractable-organic compounds (TPH and naphthalene), TOC, methane, and organic
acid compounds (formate, acetate, propionate, and isobutyrate). Inorganic data included
concentrations of major ions, calculated alkalinity, DIC, and metals (arsenic and lead).

Continuous specific conductance data were recorded at 15-minute intervals for various
periods of record for wells MWGS-33A, MWGS-33B, MWGS-34A, and MWGS-34B (pl. 1).
Specific conductance data were recorded at well MWGS-33A between February 5, 1992 and
December 5, 1995, and at well MWGS-33B between February 21, 1992 and December 4, 1995
(fig. 1). Specific conductance data were recorded at wells MWGS-34A and MWGS-34B between
February 5, 1992 and December 5, 1995 (fig. 1).
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Figure 1. Specific conductance in (a) wells MWGS-33A and MWGS-33B and (b) wells MWGS-34A and
MWGS-34B at the Defense Fuel Supply Point, Hanahan, S.C., February 5, 1992 to December 5, 1995.
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Results of the tentative identification of volatile- and extractable-organic compounds using
comparison of mass spectral data are listed in table 7 (at end of report). These results list
tentatively identified volatile- and extractable-organic compounds with probability numbers fo~
identification that exceed 80 percent for the 19 water samples (includes 2 replicate samples)
collected in 17 wells at or near the facility. Sample MWGS-20R was not analyzed for the volatile
fraction of organic compounds. Methylene chloride found in analytical blanks associated with the
samples from wells EW-05 and EW-07, collected in June 1992, and MWGS-40B and MWGS-
40BR, collected in July 1992 may represent laboratory-induced contamination (Pete Ballou,
General Engineering Laboratories, written commun., 1992).

Equipment blanks were collected for BTEX analyses as necessary. In most instances,
individual BTEX compounds were not detected at concentrations exceeding the minimum
detection limits of 2 pg/L for benzene, toluene, and ethylbenzene, and 4 ng/L for total xylener
(table 5). On January 12, 1994, an equipment blank collected prior to sampling well PW-01A was
found to contain 9.1 pg/L benzene, 2.1 pug/L toluene, 2.5 pg/L ethylbenzene, and 7.3 pg/L total
xylenes. However, concentrations of these compounds in water from well PW-01A were found to
be below the minimum detection limits. On April 26, 1994, an equipment blank collected prior to
sampling well PW-02 was found to contain 2.1 ng/L ethylbenzene (0.1 pg/L greater than the
detection limit). The ethylbenzene concentration detected in the water sample from well PW-02
(240 npg/L), however, was significantly higher than that detected in the equipment blank. Wells
for which equipment blanks were collected prior to sampling are denoted in table 5. In three
instances when free product was encountered or gross contamination was suspected, equipment
blanks were collected after decontamination of sampling equipment to ensure that cleaning
techniques were adequate. Analytical results for these three equipment blanks indicated no
BTEX concentrations above the minimum detection limits.

WATER-LEVEL DATA

The water-level data from wells and surface-water sites located at or near the facility are
presented in table 8 (at end of report). These data show the changing water-table conditions in the
study area for 97 wells and 4 surface-water sites for the period of record between April 1991 and
September 1995.

Continuous water-level data were recorded at 15-minute intervals for various periods of
record for wells W-103, W-107, and W-108. Water-level data were recorded at well W-107
between February 28, 1991 and January 9, 1994, and at well W-108 between February 27, 1991
and November 30, 1993 (fig. 2). Continuous water-level monitoring was discontinued at both of
these wells when free-phase petroleum was discovered floating on the water-table surface in the
wells. Continuous water-level data were recorded at well W-107 from December 14, 1993 to
December 5, 1995 (fig. 2).

LAKE-BOTTOM-SEDIMENT DATA

All lake-bottom-sediment analyses for volatile organics, extractable organics, and metals
resulted in the detection of the same compounds (table 9). Methylene chloride was the only
volatile organic detected in the lake-bottom sediments. Methylene chloride was not found ir

1



analytical blanks associated with these four samples (Karen Blakeney, General Engineer'ng
Laboratories, oral commun., 1996); and therefore, detection of this compound in these samrles
may indicate an actual presence in the lake-bottom sediments. Concentrations of this compound
varied between 12 and 19 pg/kg at the 3 sample locations. There were no extractable orgarics
detected in any of the samples. Samples analyzed for metals produced detectable concentrations
of chromium, lead, and zinc at all three sample locations. The concentrations of chromium and
zinc were similar at each sample location, with values that varied between 2.5 and 7.8 mg/kg for
chromium and between 5.4 and 14 mg/kg for zinc. The concentrations of lead determined for the
three sample locations were 54, 3.5, 3.9, and 6.5 mg/kg for locations Outfall-1, Outfall-1R, Inpmt-
2, and Lake Center, respectively (pl. 1).
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Figure 2. Hydrograph of wells W-103, W-107, and W-108 at the Defense Fuel Supply Point,
Hanahan, S.C., February 27, 1991 to December 5, 1995.
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SUMMARY

This report presents the results of a study to monitor the changes in surface- and ground-
water quality and water-table elevations in wells located on the Defense Fuel Supply Point and
adjacent properties, Hanahan, S.C. Fieldwork completed between December 1990 and January
1996 included drilling to obtain lithologic descriptions of the sediments of the surficial aquifer
and to allow the installation of monitoring wells; collection of surface- and ground-water samples
to delineate contaminated areas and to monitor temporal changes in the distribution of the
contaminant plumes; measurement of water levels in wells and streams to determine the direction
of ground-water flow; and collection of lake-bottom sediments to determine whether fuel-related
contaminants were present.

Eighty-five monitoring wells and piezometers were installed at or near the DFSP facility by
the USGS or under direction of the USGS. All wells were installed in the surficial aquifer from
June 1990 to June 1994. Ninety-one wells and 13 surface-water sites located on and adjacent to
the facility were sampled intermittently during this investigation. Water levels were measured
monthly in 97 wells and at 4 surface-water sites located at or near the facility using a steel tape
(wells) and a stadia rod (surface-water sites). Water levels in the surficial aquifer also were
measured by continuous water-level recorders (recorded at 15-minute intervals) in three 6-in. ID
wells located at the facility. Lake-bottom-sediment samples were collected from three locations
in Gold Cup Springs Lake on February 8, 1994, and analyzed for volatile- and extractable-organic
compounds and metals.
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Table 3.--Analytical detection limits for volatile-organic, extractable-organic, and metal analyses determined
for lake-bottom-sediment samples collected from Gold Cup Springs Lake, Hanahan, S.C., February 8, 1994

[All organic compound detection-limit concentrations are reported in micrograms per kilogram (ug/kg); all metal
detection-limit concentrations are reported in milligrams per kilogram (mg/kg); PCB, polychlorinated biphenyls;
BHC, benzene hexachloride]

Constituent Detection limit

Volatile organics!

1,1,1-Trichloreethane 10.0
1,1,2,2-Tetrachloroethane 10.0
1,1,2-Trichloroethane 10.0
1,1-Dichloroethane 10.0
1,1-Dichloroethylene 10.0
1,2-Dichlorobenzene 10.0
1,2-Dichloroethane 10.0
1,2-Dichloropropane 10.0
1,2-trans-Dichloroethylene 10.0
1,3-Dichiorobenzene 10.0
1,4-Dichlorobenzene 10.0
2-Chloroethyl vinyl ether 10.0
Benzene 10.0
Bromoform 10.0
Carbon tetrachloride 10.0
Chlorobenzene 10.0
Chlorodibromomethane 10.0
Chloroethane 10.0
Chloroform 10.0
Dichlorobromomethane 10.0
Dichlorodifluoromethane 10.0
Ethylbenzene 10.0
Methyl bromide 10.0
Methyl chloride 10.0



Table 3.--Analytical detection limits for volatile-organic, extractable-organic, and metal analyses determined
for lake-bottom-sediment samples collected from Gold Cup Springs Lake, Hanahan, S.C., February 8, 1994
--Continued

[All organic compound detection-limit concentrations are reported in micrograms per kilogram (ug/kg); all metal
detection-limit concentrations are reported in milligrams per kilogram (mg/kg); PCB, polychlorinated biphenyls;
BHC, benzene hexachloride]

Constituent Detection limit
Methylene chloride 10.0
Tetrachloroethylene 10.0
Toluene 10.0
Trichloroethylene 10.0
Trichlorofluoromethane 10.0
Vinyl chloride 10.0
cis-1,3-Dichloropropylene 10.0
trans-1,3-Dichloropropylene 10.0
Extractable organics?
(Priority pollutant acid)
2,4,6-Trichlorophenol 6,540
2,4-Dichlorophenol 6,540
2,4-Dimethylphenol 6,540
2,4-Dinitrophenol 13,100
2-Chlorophenol 6,540
2-Nitrophenol 6,540
2-Methyl-4,6-dinitrophenol 6,540
4-Nitrophenol 124,000
4-Chloro-3-methylphenol 6,540
Pentachlorophenol 6,540
Phenol 6,540
Extractable organics?

(Priority pollutant base/neutral)

1,2,4-Trichlorobenzene 6,540
1,2-Diphenylhydrazine 13,100
2,4-Dinitrotoluene 6,540



Table 3.--Analytical detection limits for volatile-organic, extractable-organic, and metal analyses determined
for lake-bottom-sediment samples collected from Gold Cup Springs Lake, Hanahan, S.C., February 8, 1994
--Continued

[All organic compound detection-limit concentrations are reported in micrograms per kilogram (ug/kg); all metal
detection-limit concentrations are reported in milligrams per kilogram (mg/kg); PCB, polychlorinated biphenyls;
BHC, benzene hexachloride]

Constituent Detection limit
2,6-Dinitrotoluene 6,540
2-Chloronaphthalene 6,540
3,3'-Dichlorobenzidine 13,100
4,4'-Dichlorodiphenyldichloroethane (DDD) 13,100
4,4'-Dichlorodiphenyldichloroethylene (DDE) 13,100
4,4'-Dichlorodiphenyltrichloroethane (DDT) 13,100
4-Bromophenyl phenyl ether 13,100
4-Chlorophenyl phenyl ether 6,540
Acenaphthene 6,540
Acenaphthalene 6,540
Aldrin 22,000
Anthracene 6,540
Benzidine 13,100
Benzo(a)anthracene 6,540
Benzo(a)pyrene 6,540
Benzo(b)fluoranthene 12,200
Benzo(ghi)perylene 6,540
Benzo(k)fluoranthene 16,400
Butyl benzyl phthalate 6,540
Chlordane 13,100
Chrysene 13,100
Di-n-butyl phthalate 13,100
Di-n-octyl phthalate 13,100
Dibenzo(a,h)anthracene 6,540
Dieldrin 23,900
Diethyl phthalate 6,540
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Table 3.--Analytical detection limits for volatile-organic, extractable-organic, and metal analyses determined
for lake-bottom-sediment samples collected from Gold Cup Springs Lake, Hanahan, S.C., February 8, 1994
--Continued

fAll organic compound detection-limit concentrations are reported in micrograms per kilogram (ug/kg); all me+al
detection-limit concentrations are reported in milligrams per kilogram (mg/kg); PCB, polychlorinated biphenyls;
BHC, benzene hexachloride]

Constituent Detection limit
Dimethy! phthalate 6,540
Endosulfan 1 13,100
Endosulfan I 13,100
Endosulfan sulfate 13,100
Endrin 24,600
Endrin aldehyde 44,700
Fluoranthene 6,540
Fluorene 6,540
Heptachlor 29,200
Heptachlor epoxide 13,100
Hexachlorobenzene 6,540
Hexachlorobutadiene 6,540
Hexachlorocyclopentadiene 14,300
Hexachloroethane 6,540
Indeno(1,2,3-c,d)pyrene 13,100
Isophorone 6,540
N-Nitrosodimethylamine 6,540
N-Nitrosodiphenylamine 13,100
N-Nitrosodipropylamine 6,540
Naphthalene 6,540
Nitrobenzene 6,540
PCB-1016 13,100
PCB-1221 13,100
PCB-1232 13,100
PCB-1242 13,100
PCB-1248 13,100



Table 3.--Analytical detection limits for volatile-organic, extractable-organic, and metal analyses determined
for lake-bottom-sediment samples collected from Gold Cup Springs Lake, Hanahan, S.C., February 8, 1994
--Continued

fAll organic compound detection-limit concentrations are reported in micrograms per kilogram (pg/kg); all metal
detection-limit concentrations are reported in milligrams per kilogram (mg/kg); PCB, polychlorinated biphenyls;
BHC, benzene hexachloride]

Constituent Detection limit
PCB-1254 13,100
PCB-1260 13,100
Phenanthrene 6,540
Pyrene 6,540
Toxaphene 13,100
alpha-BHC 13,100
beta-BHC 13,100
bis(2-Chloroethoxy)methane 6,540
bis(2-Chloroethy!)ether 6,540
bis(2-Chloroisopropyl)ether 6,540
bis(2-Ethylhexyl)phthalate 13,100
delta-BHC 13,100
gamma-BHC 37,700
Metals?

Antimony 2.50
Arsenic 2.50
Beryllium 2.50
Cadmium 2.50
Chromium 2.50
Copper 2.50
Lead 2.50
Mercury 0.200
Nickel 2.50
Selenium 2.50



Table 3.--Analytical detection limits for volatile-organic, extractable-organic, and metal analyses determined
for lake-bottom-sediment samples collected from Gold Cup Springs Lake, Hanahan, S.C., February 8, 1994
--Continued

[All organic compound detection-limit concentrations are reported in micrograms per kilogram (ug/kg); all metal
detection-limit concentrations are reported in milligrams per kilogram (mg/kg); PCB, polychlorinated biphenyls;
BHC, benzene hexachloride]

Constituent Detection limit
Silver 2.50
Thallium 2.50
Zinc 2.50

1U.S. Environmental Protection Agency Methods 8010 and 8020.
2U.S. Environmental Protection Agency Method 8270.
3U.S. Environmental Protection Agency Methods 6010 and 7471.
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